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Abstract
Higher reactivity to stress exposure is associated with an increased tendency to appraise ambiguous stimuli as negative.
However, it remains unknown whether tendencies to use emotion regulation strategies—such as cognitive reappraisal, which
involves altering the meaning or relevance of affective stimuli—can shape individual differences regarding how stress affects
perceptions of ambiguity. Here, we examined whether increased reappraisal use is one factor that can determine whether
stress exposure induces increased negativity bias. In Study 1, healthy participants (n = 43) rated the valence of emotionally ambiguous (surprised) faces before and after an acute stress or control manipulation and reported reappraisal habits.
Increased negativity ratings were milder for stressed individuals that reported more habitual reappraisal use. In Study 2
(n = 97), we extended this investigation to real-world perceived stress before and during the COVID-19 pandemic. We found
that reappraisal tendency moderates the relationship between perceived stress and increased negativity bias. Collectively,
these findings suggest that the propensity to reappraise determines negativity bias when evaluating ambiguity under stress.
Keywords Stress · Reappraisal · Ambiguity · Negativity bias · COVID-19

Introduction
Stress exposure is pervasive in everyday life and has been
widely shown to impose a number of changes in affective
processing, particularly in contexts marked by uncertainty.
One consequence of stress or threat exposure is that it tends
to engender a “negativity bias” when evaluating ambiguity (Grupe & Nitschke, 2013; Hartley & Phelps, 2012;
Lerner & Keltner, 2000; Tanovic et al., 2018). For example,
higher reactivity to stress exposure (i.e., cortisol increase)
is associated with more negative perceptions of ambiguous facial expressions (e.g., surprised faces; Brown et al.,
2017). Similar findings have been reported in individuals
with higher anxiety (Bishop et al., 2015; Park et al., 2016;
Richards et al., 2002), negative affect (Ito et al., 2017), and
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elevated threat-induced physiological arousal (Neta, Cantelon, Mahoney et al., 2017; Neta, Cantelon, Haga et al.,
2017) or amygdala activation (Neta & Whalen, 2010). These
empirical reports align with a broader theoretical literature
suggesting that stress and its related affective and physiological states confer a higher propensity to detect threats
in ambiguous contexts (Grupe & Nitschke, 2013; Hartley &
Phelps, 2012; Lerner & Keltner, 2000; Tanovic et al., 2018).
These stress-related biases may be evolutionarily adaptive
given that under stressful circumstances prioritization is
given to ensure safety and survival. However, these biases
can also lead to negative appraisals of ambiguous cues or
environments and drive a range of maladaptive avoidance
behaviors (LeDoux & Daw, 2018). Identifying factors that
determine whether negative biases will emerge after stress
exposure, or whether individuals may instead respond more
adaptively to stress, may help us better understand what confers psychological resilience under stress.
Ambiguous stimuli are particularly well-suited for measuring individual differences in biases of emotional perceptions under stress since they can either signal the presence
of positive or negative environmental events. Ambiguous social stimuli, such as surprised facial expressions,
are canonically used in the affective science literature to
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test emotional biases because they can readily (and accurately) be perceived as being driven by either positive (e.g.,
unexpected gift) or negative (e.g., car accident) outcomes.
Thus, one’s tendency to extract a negative meaning from
ambiguous cues constitutes one’s “valence bias” (Neta et al.,
2009). It is important to note that unlike other tasks using
emotional facial expressions, valence bias tasks such as
this one are intended to measure perceptions of emotional
stimuli, rather than induce a particular emotional experience from viewing these emotional expressions. Although
there is wide variability in valence bias across individuals,
behavioral and neuroimaging studies have supported an
initial, bottom-up negative appraisal of ambiguous stimuli
(Neta & Tong, 2016; Petro et al., 2018). It is thought that
because stress prioritizes bottom-up processing (Hermans
et al., 2014; Rauch et al., 2000), it thereby contributes to a
negative valence bias by shifting perceptions of emotional
stimuli toward negative appraisals (Brown et al., 2017). That
is, the emotional experience of stress can subsequently alter
the perception of emotional ambiguity. However, the stressnegativity correspondence is not always one-to-one; some
participants demonstrate increased perceptions of negativity under stress, while others demonstrate increased positivity—or no change—in how they perceive ambiguity (Brown
et al., 2017). This suggests that, even in the face of the same
stressor, individuals vary in how resistant they are to the
effects of stress on negativity bias.
One driving force behind stress resistance is the ability
to regulate emotions in a contextually appropriate and goaldirected manner (Gross, 2015; Waugh et al., 2011). While
recent work suggests that there are likely to be a number
of different strategies used during emotion regulation processes, and that these strategies may even be used simultaneously (Ford et al., 2019), two of the most commonly
investigated in empirical settings are cognitive reappraisal
and expressive suppression. Cognitive reappraisal (CR)
refers to the process of deliberately changing an emotional
response by deploying cognitive strategies that alter the
meaning or relevance of a stimulus (Gross & John, 2003;
Gross, 1998/2015). In contrast, expressive suppression refers
to the process of inhibiting emotional responses elicited
from a stimulus (Gross & John, 2003; Gross, 1998/2015).
A large body of work now shows that cognitive reappraisal
can effectively reduce subjective (Gross, 1998; Lieberman
et al., 2011; Ray et al., 2010; Szasz et al., 2011; Wolgast
et al., 2011), physiological (Delgado et al., 2008; Kim &
Hamann, 2012; Ochsner & Gross, 2008; Shurick et al.,
2012; Wolgast et al., 2011), and neural markers (Goldin
et al., 2008; Ochsner et al., 2012; Picó-Pérez et al., 2017) of
negative emotion experience in laboratory settings, while
expressive suppression has typically been shown to be less
effective at reducing negative emotional experience (Gross,
1998/2015; Gross & John, 2003; Goldin et al., 2008; Brans
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et al., 2013). Further, the tendency to engage in reappraisal
in daily life—as measured by the Emotion Regulation
Questionnaire (ERQ; Gross & John, 2003)—has also been
shown to buffer individuals from the effects of daily life
stress (Johnson et al., 2016). Specifically, those who reported
more habitual use of reappraisal, but not suppression, tended
to report less negative mood in response to daily stressors
(Johnson et al., 2016). This suggests that while stressors can
promote negative appraisals of one’s environment, the propensity to use reappraisal may be one factor that determines
whether such biases emerge under stress.
Our hypothesis that reappraisal (but not suppression)
may confer resilience against stress-induced negativity bias
is informed by two decades of empirical work pointing to
reappraisal as particularly effective in adaptively controlling
emotional responses (Webb et al., 2012; see Gross, 2015 for
review) and promoting positive psychological health (Aldao
et al., 2010; Kring & Werner, 2004). We note, however, that
despite this evidence, the utility of these two strategies are
thought to be context-dependent—e.g., there may be situations in which reappraisal is not adaptive given the current
circumstances, or suppression is preferred due to cognitive
or environmental demands (or an entirely different regulation strategy is more appropriate). This suggests that, as
more recently proposed (Bonanno & Burton, 2013; Ford &
Troy, 2019; Gross, 2015; Troy, Shallcross, & Mauss, 2018),
the most adaptive emotion regulation strategy value is ultimately the one that is contextually appropriate and allows an
individual to achieve their desired emotional state. Nonetheless, given that the use of reappraisal has been found to be
particularly well-suited to contexts marked by uncontrollable
stress—that is, where individuals can control their responses
to stressors rather than the stressor itself (Troy, Shallcross,
& Mauss, 2018; Haines et al., 2016)—here, we hypothesize
that more frequent use of reappraisal in daily life may render individuals less susceptible to the effects of stress on
appraisals of ambiguity.
To examine this question, the present studies examined
whether habitual reappraisal and suppression (as measured
by ERQ) might serve as putative moderators of stress-related
negativity bias. We note that our measure of valence bias
is intended to index perceptions of emotionally ambiguous stimuli rather than the subjective emotional experience
generated from these stimuli. We predicted that individuals
who report more habitual reappraisal, but not suppression,
will demonstrate a smaller shift toward negative perceptions
of ambiguity after stress exposure. Since individuals that
more frequently use reappraisal to regulate negativity may
either be more motivated to experience positive emotions or
have more experience successfully regulating negativity in
daily life, we reasoned that these individuals may be more
likely to circumvent the initial negative appraisal of ambiguity widely documented in the literature (Neta & Tong,
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2016; Petro et al., 2018). As well as any potential increase
in negativity bias that could arise through stress exposure
(Brown et al., 2017). We first explored this question in the
context of an existing data set from a study using a laboratory stress manipulation (Study 1) and further examined it
in the context of real-world perceived stress imposed by the
onset of the COVID-19 pandemic in a second, independent
study (Study 2).

Study 1
Method
Participants
The initial sample included 52 participants recruited from
the University of Nebraska-Lincoln and the surrounding community. An a priori power analysis conducted for
our originally published study (Brown et al., 2017) used
a between-group comparison of cortisol concentrations
after a stressor described in previous work (d = -0.89; Raio
et al., 2013). This power analysis identified a minimum of
21 participants per group which were necessary to replicate
this cortisol comparison with 80% power, α = 0.05. Given
that this was an existing data set, all analyses were constrained to the original sample size reported in our original
paper (Brown et al., 2017). We note that this a priori power
analysis was intended for detection of group-level cortisol
responses, which was directly relevant to the central hypothesis in Brown et al. (2017), but as such may have left us
somewhat underpowered for exploring individual differences
in cognitive reappraisal. To address this, we provide complementary mixed effects analyses in supplementary material
that leverage our repeated measures design to increase statistical power; this supplementary analysis yielded the same
pattern of results (see Supplemental Materials, Tables S1
and S2).
Consistent with our previously published methods
(Brown et al., 2017), six participants were excluded from
the sample for the following reasons: non-normative ratings
of clearly valenced faces (n = 1) using the same threshold
of minimum 60% accuracy as in prior work (Neta & Tong,
2016), demonstrating cortisol changes that were more than
two standard deviations from the group mean (n = 3), providing insufficient saliva for cortisol analysis (n = 1), and failing
to complete both sessions (n = 1). Due to computer error,
ERQ data was not recorded for three additional participants.
Forty-three participants were included in this report: 20 participants (10 female; age range = 18–27; M, SD age = 20.35,
2.25; race = 20 White) that were randomly assigned to the
stress group and 23 (11 female, age range = 18–35, M, SD
age = 20.04, 3.57, race = 23 White) that were randomly

assigned to the control group. Participants provided written
informed consent at the start of each session. All procedures
were approved by the University of Nebraska-Lincoln Committee for the Protection of Human Subjects (IRB approval
#: 20151215793EP) and were in accordance with the 1964
Declaration of Helsinki.
Stimuli
As in prior work (Neta et al., 2009), stimuli included 48
pictures of faces with either an ambiguous valence (surprise, 24 pictures) or a clear (unambiguous) valence (angry
and happy, 12 of each). All expressions were validated by
a separate set of participants who labeled each expression;
only faces correctly labeled more than 60% of the time were
included. Notably, although some of the surprised expressions might be inherently more positive than others, the critical feature of this task is that all subjects rate the same set of
faces and that there has been shown to be wide variability
in ratings across subjects. Fourteen distinct identities were
selected from the NimStim standardized facial expression
stimulus set (Tottenham, Tanaka, Leon et al., 2009), and
20 identities were selected from the averaged Karolinska
Directed Emotional Faces database (Lundqvist et al., 1998).
Genders were represented equally, though each identity was
not represented in all three expressions.
Procedure
Participants completed two sessions a week apart, as part
of a study to examine the effects of acute stress exposure
on valence bias (Brown et al., 2017). On day 1, participants
completed the Emotion Regulation Questionnaire (ERQ),
which is a 10-item questionnaire that measures the tendency
to regulate one’s emotions using Cognitive Reappraisal or
Expressive Suppression strategies (Gross & John, 2003).
The ERQ measures responses on a 7-point scale ranging
from strongly disagree to strongly agree, where higher
numbers indicate increased use of a particular strategy.
The ERQ has been shown to have acceptable to excellent
levels of internal consistency reliability for both cognitive
reappraisal (Cronbach's alpha = 0.82–0.90) and suppression
(alpha = 0.76–0.80; Wiltink et al., 2011; Preece et al., 2021)
and showed similar reliability estimates in our sample as
well (ERQ Reappraisal: alpha = 0.88; ERQ Suppression:
alpha = 0.75).
Participants then provided a saliva sample to assess
day 1 baseline cortisol levels and completed the baseline
valence bias task. On day 2, participants provided a saliva
sample to assess day 2 baseline cortisol, followed by a
stress manipulation consistent with procedures used by
Raio et al. (2013). Specifically, participants in the stress
group completed the cold-pressor task (Velasco et al.,
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1997), which involved submerging the forearm in ice water
(0–4 °C, stress group) for three consecutive minutes. Participants provided a saliva sample 10 min after removing their arm from the water—when cortisol levels were
beginning to peak—and then immediately proceeded to the
valence bias task, so it would be completed during these
cortisol elevations. Participants provided another saliva
sample 50 min after removing their arm from the water,
when cortisol levels were expected to return to baseline
(to measure the likely recovery response; see Brown et al.,
2017), and then completed the valence bias task one final
time. Participants in the control group completed the task
using warm water (~ 37 °C); all other saliva sampling procedures were identical to that of the stress group.

Brown et al. (2017). Exploratory analyses showed no relationship between mouse trajectories and ERQ scores.

Results
Stress Manipulation Check (Cortisol Analysis)
Analysis of cortisol concentrations evidenced an effective
stress induction as reported in more detail in our original
report (Brown et al., 2017). Briefly, cortisol levels did not
differ between the stress and control group on day 1, when
baseline valence bias was measured (t, 41 = -1.15, p = 0.26,
d = 0.35). On day 2, a group (stress, control) × time (baseline,
10 min post-stressor, 50 min post-stressor) repeated-measures ANOVA revealed a significant group × time interaction
(F, 2, 82 = 4.61, p = 0.013, partial η2 = 0.10). Bonferroni-corrected post hoc comparisons showed that cortisol at 10 min
post-stressor was significantly higher for the stress group
(M, SD = 0.32, 0.19) than the control group (M, SD = 0.20,
0.13, 95% CI [0.02, 0.22], p = 0.02,), but not at day 2 baseline (95% CI [-0.05, 0.13], p = 0.40,) or 50 min post-stressor
(95% CI [-0.03, 0.12], p = 0.20; see Table 1).

Valence Bias Task The face stimuli were divided into three
subsets of 16 faces. The 16 faces within each subset were
presented four times in randomized order, for a total of 64
trials. Participants saw a different subset each of the 3 times
they completed the valence bias task, and the order in which
each subset was presented (at baseline, 10 min post-stressor,
or 50 min post-stressor) was counterbalanced across all
participants. MouseTracker software (Freeman & Ambady,
2010) was used to present the stimuli for 500 ms each and
to record the mouse trajectories of each response as participants rated each face as positive or negative. We used mouse
tracking because it is a valid index of response competition
(Freeman et al., 2011) and because data from mouse tracking
can be used to target different parts of the decision process
(Hehman et al, 2015). Participants were instructed to rate
the faces as quickly and accurately as possible, and the task
did not advance until they made a response. Each trial was
followed by as ISI varying from 500 to 8,000 ms. Trajectory
data were recorded to test hypotheses specifically related
to the effects of stress on valence bias and are reported in

Valence Bias
The dependent measure used for the valence ratings of faces
was percent negative ratings, or the percent of trials that a
face was rated as negative out of the total number of ratings made for that expression condition. Valence bias scores
for each participant were calculated as the percent negative ratings for the surprised faces only. Consistent with a
large body of work examining valence bias in response to
emotional ambiguity (Neta et al., 2009, 2013; Petro et al.,
2018), ratings of happy and angry faces were not analyzed
and served solely as a control to ensure that individuals were
able to correctly identify clearly valenced facial expressions.

Table 1  Physiological and behavioral descriptives

Cortisol concentrations Stress
(µg/dL) by group
Control
Face ratings (% nega- Stress
tivity) by expression
Angry
condition
Happy
Surprise
Control
Angry
Happy
Surprise
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Baseline (day 1)

Baseline (day 2)

10 Minutes post-manipulation

50 Minutes postmanipulation

M

M

SD

M

M

0.15
0.14

SD

0.26
0.22

0.16
0.10

0.26
0.22

98.75
0.31
70.11

4.35
1.40
19.00

99.73
0.82
67.64

1.30
2.15
21.58

SD

SD

0.32
0.20

0.19
0.13

0.25
0.21

0.11
0.12

NA
NA
NA

99.69
0.94
70.31

1.40
3.06
27.14

99.69
2.81
66.44

1.40
7.44
28.21

NA
NA
NA

98.37
0.54
68.34

6.59
1.80
22.81

98.37
3.80
69.43

4.70
15.62
20.75
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Any deficits in this capacity indicated that surprise ratings
may not reflect valence bias, but a broader deficit in facial
expression recognition. As expected, participants consistently rated angry faces as negative and happy faces as positive, whereas ratings of surprise varied across individuals
(see Table 1), consistent with previous work (Neta et al.,
2009). The results of a linear regression show that neither reappraisal, nor suppression, was directly associated
with valence bias (ERQ-R, β = 0.24, S.E. = 0.15, t = 1.58,
p = 0.12; ERQ-S, β = 2.57, S.E. = 0.15, t = 0.85, p = 0.40).
Because we were primarily interested in understanding variability in ratings in response to the stress manipulation, we
focused our analyses on valence bias change scores (10 min
post-stressor minus baseline), as previous work demonstrated an association between physiological indices of stress
and more negative ratings during this time point (Brown
et al., 2017).
Emotion Regulation Strategies and Increased Negativity
We first conducted two separate regression models predicting the change in valence bias using ERQ Reappraisal
and ERQ Suppression as predictors in each of the models.
Change in valence bias and ERQ scores was scaled prior
to analysis (i.e., mean-centered and divided by standard
deviation), but the group variable was not, meaning partially standardized estimates are reported. Specifically, we
conducted a regression on valence bias change scores with
group (stress, control), ERQ Reappraisal, and their interaction as predictors. While we observed no main effect of the
stress manipulation (group) on valence bias (i.e., no change
in valence bias overall pre- to post-stressor; Table 1), there
was a significant group × ERQ Reappraisal interaction
(β = -0.67, 95% CI [-1.28, -0.07], t, 39 = -2.26, p = 0.03),
such that greater ERQ Reappraisal scores were negatively
associated with valence bias change scores only for the
stress group (β = -0.59, 95% CI [-1.05, -0.14], t, 39 = -2.63,
p = 0.012), and not for the control group (β = 0.08, 95% CI
[-0.31, 0.47], t, 39 = 0.41, p = 0.69; Fig. 1A). That is, participants in the stress group who reported using reappraisal
more often in daily life showed less of an increase in negative perceptions of ambiguity.
In contrast to the ERQ Reappraisal model, the model that
included group (stress, control), ERQ Suppression, and their
interaction as predictors was not significant (F, 3, 39 = 0.07,
p = 0.98, multiple R2 = 0.01), and there was no interaction effect in the model (β = 0.15, 95% CI [-0.60, 0.91],
t, 39 = -0.42, p = 0.68). No relationships were observed
between valence bias change and the ERQ Suppression
score for the control group (β = -0.02, 95% CI [-0.42, 0.38],
t, 39 = -0.13, p = 0.90) or stress group (β = 0.13, 95% CI
[-0.50, 0.77], t, 39 = 0.42, p = 0.68; Fig. 1B). Overall, the

Fig. 1  Relationship between regulation strategy and changes in
valence ratings of surprised faces. A Change in valence ratings was
negatively related with the ERQ Reappraisal score in the stress group
(β = -.59, 95% CI [-1.05, -0.14], t, 39 = -2.63, p = .012) but not controls (β = .08, 95% CI [-0.31, 0.47], t, 39 = .41, p = .69), such that
participants in the stress group who used reappraisal more habitually
showed less of an increase in negativity. B The change in valence ratings showed no significant relationship with the ERQ Suppression
score in either group (ps > .68)

ERQ Reappraisal model explained 15.43% of the variance,
and the ERQ Suppression model explained 0.51% of the
variance.
Finally, in order to examine the unique contribution of
ERQ Reappraisal on valence bias change (above and beyond
that of ERQ Suppression), we conducted a third regression
on valence bias change scores including all predictors in
the same model: group (stress, control), ERQ Reappraisal,
ERQ Suppression, and their two interactions (F, 7, 35 = 2.21,
p = 0.06, multiple R2 = 0.31). This analysis revealed a significant group × ERQ Reappraisal interaction (β = -0.85, 95%
CI [-1.50, -0.19], t, 39 = -2.63, p = 0.01), but no ERQ Suppression x group interaction (β = 0.28, 95% CI [-0.42, 0.98]
t, 39 = 0.80, p = 0.43). These results support our prediction
of a selective relationship between reappraisal—but not
suppression—and valence bias change and suggest that this
effect was moderated by group such that the effect was only
significant for those undergoing a stress induction.
Sensitivity analyses in G*Power revealed that we could
reasonably detect a minimum detectable effect size of
f2 = 0.28 for a multiple regression with three predictors
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(alpha = 0.05, power = 0.8). Although we acknowledge that
these effect sizes are larger than the reported interaction
effect here ( f2 = 0.13), it has also been shown that effects
estimated from a single study are noisy estimates of the true
population effect (see Gelman, 2018). Having said that, we
sought to replicate these results using linear mixed effects
models, which enabled us to leverage our repeated measures
design to increase power and provide additional support for
our findings (Table S1 and S2). We fit a linear mixed effects
model with a random intercept for each subject, to account
for within-subject variance, and fixed effects of ERQ (suppression or reappraisal), time (pre- to post-stressor), group
(stress, control), and their interactions. A significant threeway interaction, consistent with our original findings, was
observed in this more highly powered model for ERQ Reappraisal (β = 0.46, [0.06 – 0.86], p = 0.02) but not ERQ Suppression (β = 0.11, [-0.39 – 0.61], p = 0.67).
Emotion Regulation Strategies and Increased Cortisol
We conducted similar regression models predicting change
in cortisol levels (rather than change in valence bias) from
day 2 baseline to post-stressor, using ERQ Reappraisal
(F, 3, 39 = 5.33, p = 0.004, multiple R2 = 0.29) and ERQ
Suppression (F, 3, 39 = 4.34, p = 0.01, multiple R2 = 0.25),
respectively. No interaction effects emerged in the model
using group (stress, control), ERQ Reappraisal, and their
interaction as predictors (β = -0.42, 95% CI [-0.98, 0.12],
t, 39 = -1.57, p = 0.13), nor in the model with group (stress,
control), ERQ Suppression, and their interaction as predictors (β = -0.25, 95% CI [-0.91, 0.39], t, 39 = -0.80, p = 0.43).

Study 2
Study 1 revealed that increased negativity bias after exposure to stress is conditional upon self-reported use of reappraisal strategies to regulate one’s emotions. That is, those
who engage in less reappraisal showed a stress-related negativity bias, whereas those who engage in more reappraisal
did not show such a bias. However, our initial assessment of
this relationship occurred within a controlled laboratory setting and in a relatively small sample. Thus, to probe whether
such an effect persists in real-world stressful contexts, and to
directly test if reappraisal use moderates the effects of stress
on negativity bias, we next sought to replicate and extend
our findings in an independent sample experiencing stress
during the onset of the COVID-19 pandemic.

13

Method
Participants
Participants were recruited for an online study that measured valence bias before and after the start of the COVID19 pandemic, using Amazon’s Mechanical Turk (M-Turk;
Horton et al., 2011). Participants completed two sessions in
Gorilla Experiment Builder (Anwyl-Irvine et al., 2020), one
between October 2019 and January 2020 (before the onset
of the COVID-19 pandemic) and a second session between
April and May 2020 (after the pandemic onset), as part of a
study to understand the effects of real-world perceived stress
on valence bias. Data were collected over the span of several months due to strict inclusion criteria. Only participants
aged 18 or older, that spoke English as their native language,
and did not have a history of psychological or neurological
disorders were allowed to continue beyond a demographic
screener (n = 679 excluded). Additionally, participants were
rejected from the task in the event that they did not complete it within 1 h and 30 min (n = 172 excluded). This final
criterion was applied because there is evidence to suggest
that unreasonably long times spent on surveys may indicate poor data quality (e.g., using virtual private networks
to bypass geolocation requirements; Kennedy et al., 2020)
and pilot testing revealed that the task could be consistently
completed in approximately 30 min. Of the 229 participants
included in the initial wave of data collection before the
onset of the pandemic (Harp et al., 2020; 122 female; age
range = 18–76 years; mean (SD) age = 44.77 (14.43); race
distribution: 15 Asian, 20 Black, 177 White, 5 other, and
12 unknown), 105 participants volunteered to participate in
a follow-up after the onset of the pandemic. According to
an a priori power analysis, a minimum of 77 participants
were necessary for a moderation analysis with 80% power,
α = 0.05 and an f2 = 0.15.
As in Study 1 and consistent with previous work (Neta
& Tong, 2016; Neta & Whalen, 2010; Neta et al., 2013),
six participants were excluded from the follow-up sample
for non-normative ratings of clearly valenced faces (i.e.,
accuracy for valence ratings of angry and/or happy faces
was below 60%) to ensure an accurate representation of the
bias in response to ambiguity. Further, two participants were
removed for scoring more than 3 SDs below the mean on the
ERQ (Reappraisal), since this was the primary construct of
interest and would serve as our moderator variable. Our final
sample consisted of 97 participants (53 female; age range
at the first session = 21–76; M (SD) age = 47.58 (13.73);
race distribution: 5 Asian, 8 Black, 76 White, 1 other, and
7 unknown). Participants provided informed consent at the
start of each session. All procedures were approved by the
University of Nebraska-Lincoln Committee for the Protection of Human Subjects (IRB approval #: 20200520425EP)
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and were in accordance with the 1964 Declaration of
Helsinki.
Stimuli
Three task blocks (faces, scenes, and words) were used to
assess valence bias. As in previous work (Neta et al., 2013),
the face and scene task blocks included 24 ambiguous
images and 24 clear images (12 positive and 12 negative).
The facial expressions were selected from the NimStim
(Tottenham et al., 2011) and Karolinska Directed Emotional Faces (Lundqvist et al., 1998) sets, and the scenes
were selected from the International Affective Picture System (IAPS; Lang et al., 2008). For the words block, the 32
ambiguous, 16 positive, and 16 negative words were used
(Harp et al., 2020). However, for the purposes of this experiment in replicating and extending findings from Study 1 that
used only face stimuli, here we focus only on responses to
the face blocks. As in Study 1, ratings of happy and angry
faces were not of interest above and beyond serving as
anchors to ensure a reliable measure of valence bias under
emotional ambiguity (i.e., surprise).
Procedure
Participants completed two sessions, one between October
2019 and January 2020 (before the onset of the COVID-19
pandemic) and a second session between April and May
2020 (after the pandemic onset), as part of a study to understand the effects of real-world stress on valence bias. During
Session 1, participants completed the valence bias task on
face, scene, and word stimuli, where each stimulus category
was presented in separate blocks (2 total blocks for each
category). The order of blocks was counterbalanced across
participants, but one block of each category was always presented before presenting the second block for each category
(Harp et al., 2020). Each block included 50% stimuli that
were ambiguous, and 50% that were clearly valenced (25%
clearly positive and 25% clearly negative), as in previous
work (Neta et al., 2013). Note that, for the purposes of this
report in extending the findings from Brown et al. (2017),
we focus on the valence rating responses to ambiguous face
stimuli (clear stimuli were presented primarily to ensure that
participants were performing the task accurately). During
Session 2, participants completed the same valence bias task
again in a new counterbalanced order and then completed a
series of self-report surveys including the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003). As in Study
1, the ERQ showed adequate reliability in our sample for
both ERQ Reappraisal (alpha = 0.86) and ERQ Suppression
(alpha = 0.83).
Participants also completed the Perceived Stress Scale
(PSS; Cohen et al., 1983), a widely used and well-validated

measure of self-reported perceived stress experienced over
the previous month. The PSS is a 10-item questionnaire for
which perceptions of stress—or more specifically subjective
distress experienced from stressors—is measured by probing
how uncontrollable, unpredictable, and overloaded participants have felt over the last month, with responses provided
on a 4-point scale ranging from never to very often. The
PSS has been found to have acceptable to excellent levels
of internal consistency reliability (α = 0.78; Cohen & Williamson, 1988; α = 0.87; Baik et al., 2019) and showed good
reliability in our sample (alpha = 0.92). Self-report surveys
were administered after the face ratings since valence bias
is known to be highly sensitive to transient changes in affective state (Brown et al., 2017; Neta et al., 2011; Neta, Cantelon, Mahoney, et al., 2017; Neta, Cantelon, Haga, et al.,
2017), and we wanted to avoid any priming effects that could
potentially arise from the affective scales participants were
completing.

Results
Given that stress exposure promoted negative appraisals of
ambiguous stimuli among those with lower self-reported
reappraisal tendencies in Study 1, here we examined the
extent to which this effect generalized to real-world stressful
contexts (i.e., perceived stress during the COVID pandemic).
We capitalized on the continuous nature of participants’ perceived stress scores—unlike Study 1, where stress group
assignment was binary—by testing whether reappraisal tendency moderated the effect of perceived stress on change in
negativity bias. Our moderation model was conducted using
R (R Core Team, 2019), where change in negativity bias (a
difference score in ratings of surprised faces after > before
the onset of the COVID pandemic) was included as the outcome variable, with Perceived Stress Scale (PSS) scores as
the predictor and ERQ Reappraisal as a moderator of the
relationship between these variables. ERQ Reappraisal, perceived stress, and change in negativity bias were scaled (i.e.,
mean-centered and divided by the standard deviation) prior
to analysis and all reported effect estimates are standardized.
Table 2 reports the descriptive statistics for each variable.
The overall model was marginally significant in accounting for 7.8% of the variance (F, 3, 93 = 2.61, p = 0.056,
multiple R2 = 0.08). The interaction uniquely accounted
for 5.2% of the variance (β = -0.24, 95% CI [-0.46, -0.03],
t, 93 = -2.29, p = 0.02), indicating that the relationship
between change in negativity bias and perceived stress was
indeed moderated by reappraisal tendency (ERQ Reappraisal). The conditional effect of perceived stress on change
in negativity bias was significant at one standard deviation
below the mean of cognitive reappraisal (β = 0.40, 95% CI
[0.11, 0.69], t, 93 = 2.75, p = 0.007), but not at the mean
(β = 0.15, 95% CI [-0.05, 0.36], t, 93 = 1.49, p = 0.14), or at
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Table 2  Descriptive statistics of observed variables

Change in negativity bias (valence bias ratings after > before
the onset of the COVID pandemic)*
Reappraisal score (ERQ-R)
Suppression score (ERQ-S)
Perceived stress score (PSS)

M (SD)

Sample range

Possible range

11.75% (29.62)

-52.17 to + 100%

-100 to + 100%

5.18 (1.03)
3.52 (1.44)
15.16 (7.96)

1.83 to 7
1 to 7
1 to 32

1 to 7
1 to 7
0 to 40

Conditional effect of PSS on Change
in Surprise Ratings at values of the
moderator ERQ-Reappraisal

*
Note: Negative values in change in negativity bias denote a shift toward more positive ratings of surprised faces after compared to before the
onsets of the COVID-19 pandemic; positive values denote a shift toward more negative ratings

0.6

95% CI Upper Limit

0.5

Point Estimate

0.4

95% CI Lower Limit

0.3
0.2
0.1
0

-0.1
-0.2
-0.3

-4

-3

-2

-1

0

1

2

3

ERQ-Reappraisal SDs

Fig. 2  Relationship between valence bias and perceived stress as a
function of ERQ-R score. The conditional effect of perceived stress
during the COVID pandemic on valence bias change is plotted for
a range of ERQ-R scores. In individuals with low reappraisal tendency, perceived stress increased negative ratings of ambiguous facial
expressions, while in individuals with high reappraisal tendency, this
stress-related increase in negativity bias was not observed

one standard deviation above the mean (β =  − 0.09, 95% CI
[-0.40, 0.21], t, 93 =  − 0.61, p = 0.54).
To further probe the significant interaction, we conducted a regions of significance analysis such that conditional effects of perceived stress on change in negativity bias
were estimated at all observed levels of ERQ Reappraisal
(i.e., scores ranging from 1.83 to 7), and the significance of
those conditional effects were examined. Perceived stress
was associated with a greater increase in negativity bias for
individuals with an ERQ Reappraisal scores -0.22 below
the mean and lower (i.e., scores ranging from 1.83 to 4.96;
see Fig. 2). That is, participants experiencing higher perceived stress after the onset of the COVID pandemic who
also report lower reappraisal tendency showed more of an
increase in negative perceptions of ambiguity. Mirroring the
findings of Study 1, there was no main effect of perceived
stress on valence bias as assessed using linear regression
(β = 4.56, S.E. = 3.05, t = 1.49, p = 0.14).
We next assessed whether a similar effect was observed
using suppression tendency (ERQ-S) rather than reappraisal.
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A comparable moderation analysis was not significant (F, 3,
93 = 0.91, p = 0.44, multiple R2 = 0.03) and revealed no significant interaction between ERQ suppression and perceived
stress (β = 0.00, 95% CI [-0.20, 0.21], t = 0.02, p = 0.99). In
other words, ERQ suppression does not appear to moderate
the relationship between perceived stress and valence bias
change. Further, the results of a linear regression revealed
that suppression was not directly associated with valence
bias in Study 2 (β = 2.57, S.E. = 3.12, t = 0.83, p = 0.41), nor
did suppression interact with perceived stress scores to predict change in valence bias (β = 0.05, S.E. = 3.07, t = 0.02,
p = 0.99).
Finally, sensitivity analyses in G*Power revealed that we
could reasonably detect a minimum detectable effect size
of f2 = 0.12 for a multiple regression with three predictors
(alpha = 0.05, power = 0.8). Given that these effect sizes are
larger than the reported interaction effect here (f2 = 0.06),
we again sought to replicate our findings using a linear
mixed effects models, which enabled us to leverage our
repeated measures design to increase power and provide
additional support for our findings (see Supplemental Materials, Table S3). Specifically, we tested our hypothesis that
reappraisal (ERQ Reappraisal) moderates the relationship
between perceived stress (PSS) and shifts in percent negative
ratings from before to after the beginning of the pandemic
(time: pre- vs. post-pandemic). This model allows us the
opportunity to make use of data from both time points, rather
than reducing change over time to a single data point for
each subject. Specifically, we tested a model with random
intercepts for each subject, to account for subject-level variance, and then tested for fixed effects of ERQ Reappraisal,
PSS, and time as well as their interactions. A significant
three-way interaction revealed that our findings are robust
to this more highly powered model (β = -0.27, [-0.51, -0.04],
p = 0.02).
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Discussion
Our findings demonstrate an important role for reappraisal
tendencies as a moderator of negativity bias after stress
exposure. Across two independent studies, we found that
increases in negative perceptions of ambiguous social stimuli after stress exposure were conditional on the habitual
use of reappraisal. Specifically, participants who reported
using less reappraisal showed an increased negativity bias
after stress exposure, whereas those who engage in more
reappraisal did not show such a bias. We also replicated
these findings outside a laboratory setting in the context of a
real-world perceived stress during the COVID-19 pandemic.
These findings suggest that those who more often engage in
reappraisal may experience a milder impact of stress (Jamieson et al., 2012) on valence bias, perhaps prompting a less
negative emotional experience following stress (Fredrickson et al., 2003). Importantly, we observed no main effect
of stress on valence ratings across both studies, suggesting
that it was not stress exposure per se, but its interaction with
reappraisal tendency that determined change in negativity
bias. These findings are also consistent with recent work
showing that cognitive forms of emotion regulation mediate the association between ventromedial prefrontal cortex
activity during a stressor and more positive emotions during
stress recovery (Yang et al., 2018).
In Study 1, although habitual reappraisal mitigated the
negative behavioral consequences of stress, it showed no
impact on physiological stress reactivity (changes in cortisol following a stressor). Interestingly, the literature shows
inconsistent findings relating reappraisal and cortisol reactivity. For example, some studies demonstrate that reappraisal during a laboratory-induced stressor is associated
with greater cortisol reactivity, while others showed no
effect or have found that habitual reappraisal was associated with less cortisol reactivity (see Krkovic et al., 2018 for
a review). Notably, the latter finding measures responses to
a stressor that was qualitatively different from laboratorybased inductions in that it was voluntary (i.e., skydiving).
Indeed, participants who volunteer for such an unpredictable
and stressful experience may already appraise ambiguity in a
more positive light to begin with (Crum et al., 2020). These
strategies, when activated during an acute stressor, could
help them arrive at positive perceptions of ambiguity.
In contrast to Study 1, in which stress exposure was
experimentally induced, Study 2 assessed whether this effect
of reappraisal tendency generalized to real-world perceived
stress. By measuring valence bias change in participants
before and after the start of the COVID pandemic, we were
able to leverage the effects of a widespread societal stressor
on participants that varied depending on each individuals’
subjectively perceived stress. This afforded the opportunity

to test whether these results replicated using a continuous
measure of perceived stress, rather than within a laboratory
setting. In doing so, we observed that habitual reappraisal
moderated the effect of perceived stress on the change in
bias, such that lower levels of reappraisal use revealed an
increase in perceptions of negativity under higher perceived
stress. On the other hand, this effect was not apparent at
higher levels of reappraisal, suggesting that deficits in reappraisal tendencies may place individuals at a heightened
risk for negativity bias in the presence of stress. In contrast,
habitual use of expressive suppression to regulate emotion
did not reveal the same pattern of results. Collectively, these
findings suggest that habitual use of cognitive strategies to
change one’s emotional state (reappraisal) may generalize
to attenuating stress-induced negativity bias of ambiguous
emotional stimuli.
It should be noted that while the use of reappraisal in
laboratory settings has been shown to be associated with
reduced negative emotional experience (Gross, 1998;
Lieberman et al., 2011; Ray et al., 2010; Szasz et al., 2011;
Wolgast et al., 2011), a growing body of work has shown the
use of reappraisal in daily life is reliably related to increased
positive affect (Blaxton & Bergeman, 2017; Brans et al.,
2013; Brockman et al., 2017; Kuppens et al., 2010; Nezlek &
Kuppens, 2008; Pavani et al., 2016; Richardson, 2017; Troy,
Shallcross, & Mauss, 2018; Troy, Shallcross, Brunner, et al.,
2018). Since our face rating task quantifies valence bias on
a continuum from negative to positive, any attenuation in
negativity bias is inherently an increase in positivity bias.
Thus, our results are consistent with this body of work and
can be interpreted as showing that higher levels of habitual
reappraisal reduce negativity bias—or inversely, increase
positivity bias—when evaluating emotional ambiguity.
There are a number of potential mechanisms through
which habitual reappraisal may shape individual differences regarding stress-related negativity bias. First, we note
that it is unlikely that individuals are deliberately recruiting
reappraisal strategies to regulate valence bias under stress.
Instead, we propose that this effect points to a mechanism
whereby individuals in the practice of regulating potential
negativity through reappraisal may more spontaneously
override the initial negative appraisals that arise when confronting ambiguity and, more specifically, override negativity biases that can potentially be imposed by exposure
to stress. This mechanism may emerge through learning,
such that those who use reappraisal and find it successfully
alleviates negative emotional states are reinforced to continue using this strategy when encountering stressors that
can potentially increase negativity bias. This account is consistent with recent extensions of the process model of emotion regulation (see Gross, 2015), which proposes that the
use of reappraisal arises through a valuation process that is
informed by an evaluation of how useful reappraisal will be
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given the contextual and environmental demands on an individual (Gross, 2015), and presumably what strategies have
worked in similar situations in the past (Etkin et al., 2016).
While our self-report measure does not allow us to index
the stage at which our participants determine reappraisal
might have been a suitable strategy or how they navigated
this dynamic process (Gross, 2015), this learning and valuation mechanism is consistent with the notion that those who
find cognitive emotion regulation strategies valuable may be
more inclined to use reappraisal in a goal-directed manner
in the future.
Alternatively, this mechanism could arise through a motivational account—that is, more frequent use of reappraisal
reflects an individual’s desire to appraise affective stimuli
in a positive manner in order to foster positive emotional
experiences. This motivational tendency may subsequently
generalize to reduced negativity when appraising ambiguous
stimuli, even under stressful or challenging circumstances.
Such an account is consistent with the fact that while tendencies to engage in more active emotion regulation strategies confer psychological resilience (Aldao et al., 2010;
Gross, 2015; Kring & Werner, 2004; Webb et al., 2012),
these constructs may proceed in a recursive manner, such
that more psychologically resilient individuals may also be
more inclined to use cognitive strategies to control emotional responses. Finally, these learning and motivational
mechanisms need not be mutually exclusive—resilient individuals that tend to use reappraisal because they are motivated to achieve a particular emotional experience may then
find these strategies more efficacious, reinforcing them for
increased use in the future. Characterizing how motivational,
learning, and valuation mechanisms interact and shape the
use of cognitive emotion regulation strategies in daily life,
as well as how they drive individual differences in perceptions of ambiguity, will be important for advancing future
theoretical and empirical work on this topic.
A number of limitations should be noted for future work.
Most notably, the sample sizes of both Study 1 and Study 2
were quite constrained. Study 1 was constrained to the existing sample size of our originally published study (Brown
et al., 2017), and Study 2 was constrained by the number
of participants that agreed to return and participate in the
second session after the onset of the pandemic. Given the
unforeseeable nature of the pandemic and the inability to
notify participants of the subsequent sessions during the
initial data collection, there was substantial attrition from
the original study (Harp et al., 2020). Despite these sample
size limitations, however, our mixed-method design across
two studies does provide conceptual replication of the effect
both within and outside the laboratory, suggestive of a robust
effect that generalizes to multiple contexts. Additionally,
we sought to address this concern in these studies by leveraging our repeated measures design to increase power in
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supplemental analyses for each study (Supplemental Materials, Tables S1, S2, and S3) and found that our findings were
robust to this more highly powered model for each study.
Nonetheless, future work should seek to replicate these
effects in larger samples.
Future work may also seek to replicate these effects using
alternative stress manipulation techniques (i.e., social-evaluative stressors such as the Trier Social Stress Test) to provide further evidence of the generalizability of the effect.
Here, we chose to use a physiological stressor in our previous study on stress and valence bias (Brown et al., 2017)
and, in this current work, to test how reappraisal potentially
interacts with these stress effects. Indeed, we chose a physiological stressor because we sought to test whether the physiological effects of stress were robust enough to generalize
to a social evaluation task even when the stressor itself was
not socially evaluative. However, given the pervasive nature
of social-evaluative stressors in daily life, it would be both
interesting and important for future work to test how the
negative social evaluation inherent in many social stressors
affects evaluations of ambiguous social stimuli and whether
the protective effect of reappraisal translates to the social
domain.
Study 2 was conducted using a longitudinal design, rendering it difficult to retain our entire original sample size.
Study 2 was also conducted online, which afforded us the
opportunity to reach a more representative sample of individuals affected by the COVID pandemic. Additionally,
we note that our final sample was heavily skewed toward
white participants; thus, further research should investigate
whether these results generalize to more diverse samples.
More specifically, it will be important for future work to
explore whether an increasingly diverse sample show similar
effects as those seen here, especially given that it may be
adaptive for minority group members to maintain a vigilant
approach toward ambiguous facial expressions of majority
group members, as has been shown in the context of interaction partners during interracial encounters (West et al.,
2017). Finally, we note that in Study 2, we used the PSS to
index perceived stress during the COVID pandemic; however, the PSS is ultimately a measure of subjective distress
experienced from recent stressors rather than a definitive
account of stressor exposure per se. Future work may seek
to use more expansive stressor inventories or ecological
momentary assessment (EMA) to probe how real-world
stressors and reappraisal tendency affect valence bias.
It should be noted that while habitual use of reappraisal
was protective against stress-induced negativity bias, cognitive reappraisal actually represents a number of different
cognitive strategies that alter the meaning or relevance of
an emotionally charged stimulus or situation (Gross, 2015).
Cognitive reappraisal can be achieved by deliberately changing the way a stimulus is interpreted, by diminishing the
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self-relevance of a stimulus, by distancing oneself from an
emotionally-charged situation (Gross, 1998/2015), or by
adopting a mindset that reframes a stressor in a more positive, adaptive manner (Crum et al., 2020; Jamieson et al.,
2018). Since the self-report instrument used here (ERQ)
does not dissociate between these different sub-strategies of
reappraisal, we were unable to identify exactly which feature
of cognitive reappraisal participants used or what particular
factors fed into this decision. Thus, a final important avenue
for future research will be to identify the specific reappraisal
strategy individuals are using in daily life, as well as what
contextual, social, or emotional factors (external or internal)
informed this decision. Such work will be critical to better
understand the mechanisms that give rise to these protective
effects of reappraisal on individual differences in valence
bias, particularly when faced with a variety of stressors.
Supplementary Information The online version contains supplementary material available at https://d oi.o rg/1 0.1 007/s 42761-0 21-0 0059-5.
Additional Information
Funding This work was supported by the National Institutes of Health
(NIMH111640; PI: Neta), by the National Science Foundation RAPID
award (2031101; PI: Neta), and by the Nebraska Tobacco Settlement
Biomedical Research Enhancement Funds.
Data Availability Data from Study 1 cannot be shared publicly because
the participants consented to the report of the data in terms of group
means, and not individualized data. The University of NebraskaLincoln Institutional Review Board completed review of the original
research protocol including data sharing restrictions. Data requests
can be sent to David Clausen (dclausen2@unl.edu, 402–472-3366),
the current contracts manager in the Office of Sponsored Programs
at University of Nebraska-Lincoln. All data sharing requests are first
subject to a contract agreement through the Office of Sponsored Programs. Data from Study 2 has been deposited into a publically available
repository: https://osf.io/3e8x7/.
Code Availability Not applicable.
Ethics Approval All procedures were approved by the University of
Nebraska-Lincoln Committee for the Protection of Human Subjects
(IRB approval #: 20151215793EP) and were in accordance with the
1964 Declaration of Helsinki.
Conflict of Interest The authors declare no competing interests.
Informed Consent All participants gave informed consent before participating in the study.
Consent for publication Not applicable.
Author Contribution All authors contributed to the study design. Data
collection were performed by C.C. Brown and N. Harp. All authors
performed data analysis, wrote the manuscript, and have approved the
final version of the manuscript for submission.
Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article's Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article's Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References
Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotionregulation strategies across psychopathology: A meta-analytic
review. Clinical Psychology Review, 30, 217–237.
Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N., & Evershed, J. K. (2020). Gorilla in our midst: An online behavioral
experiment builder. Behavior Research Methods, 52, 388–407.
Baik, S. H., Fox, R. S., Mills, S. D., Roesch, S. C., Sadler, G. R., Klonoff, E. A., & Malcarne, V. L. (2019). Reliability and validity of
the Perceived Stress Scale-10 in Hispanic Americans with English
or Spanish language preference. Journal of Health Psychology,
24(5), 628–639. https://doi.org/10.1177/1359105316684938.
Bishop, S. J., Aguirre, G. K., Nunez-Elizalde, A. O., & Toker, D.
(2015). Seeing the world through non rose-colored glasses: Anxiety and the amygdala response to blended expressions. Frontiers
in Human Neuroscience, 9, 152.
Blaxton, J. M., & Bergeman, C. S. (2017). A process-oriented perspective examining the relationships among daily coping, stress, and
affect. Pers Individ Dif., 104, 357–361.
Bonanno, G. A., & Burton, C. L. (2013). Regulatory flexibility: An
individual difference perspective on coping and emotion regulation. Perspectives on Psychological Science, 8, 591–612.
Brans, K., Koval, P., Verduyn, P., Lim, Y. L., & Kuppens, P. (2013).
The regulation of negative and positive affect in daily life. Emotion, 13, 926–939.
Brockman, R., Ciarrochi, J., Parker, P., & Kashdan, T. (2017). Emotion regulation strategies in daily life: Mindfulness, cognitive
reappraisal and emotion suppression. Cognitive Behaviour
Therapy, 46(2), 1–23.
Brown, C. C., Raio, C. M., & Neta, M. (2017). Cortisol responses
enhance negative valence perception for ambiguous facial
expressions. Scientific Reports, 7(1), 15107. https://doi.org/10.
1038/s41598-017-14846-3
Cohen, S., Kamarck, T., & Mermelstein, R. (1983). Aglobal measure of perceived stress. Journal of Health and Social Behavior,
24(4), 385–396. https://doi.org/10.2307/2136404
Cohen, S., & Williamson, G. (1988). Perceived Stress in a Probability Sample of the United States.In S. Spacapan, & S. Oskamp
(Eds.), The social psychology of health: Claremont symposium
on appliedsocial psychology (pp. 31–67). Newbury Park, CA:
Sage.
Crum, A. J., Jamieson, J. P., & Akinola, M. (2020). Optimizing stress: An integrated intervention for regulating stress
responses. Emotion, 20(1), 120–125.
Delgado, M. R., Nearing, K. I., LeDoux, J. E., & Phelps, E. A.
(2008). Neural circuitry underlying the regulation of conditioned fear and its relation to extinction. Neuron, 59(5),
829–838.

13

Affective Science
Etkin, A., Büchel, C., & Gross, J. J. (2016). The neural bases of emotion regulation. Nature Reviews Neuroscience, 16(11), 693–700.
https://doi.org/10.1038/nrn4044 .
Ford, B. Q., & Troy, A. S. (2019). Reconsidering reappraisal: A closer
look at the costs of an acclaimed emotion regulation strategy. Current Directions in Psychological Science, 28, 195–203.
Ford, F., Gross, J. J., & Gruber, J. (2019). Broadening our field of view:
The role of emotion polyregulation. Emotion Review., 11(3), 1–12.
Fredrickson, B. L., Tugade, M. M., Waugh, C. E., & Larkin, G. R.
(2003). What good are positive emotions in crisis? A prospective
study of resilience and emotions following the terrorist attacks on
the United States on September 11th, 2001. Journal of Personality
and Social Psychology, 84(2), 365–376. https://doi.org/10.1037/
0022-3514.84.2.365
Freeman, J. B., & Ambady, N. (2010). MouseTracker: Software for
studying real-time mental processing using a computer mousetracking method. Behavior Research Methods, 42(1), 226–241.
https://doi.org/10.3758/BRM.42.1.226
Freeman, J. B., Dale, R., & Farmer, T. A. (2011). Hand in motion
reveals mind in motion. Frontiers in Psychology, 2, 50.
Gelman, A. (2018). Don’t calculate post-hoc power using observed
estimate of effect size. Annals of Surgery.
Goldin, P. R., McRae, K., Ramel, W., & Gross, J. J. (2008). The neural
bases of emotion regulation: Reappraisal and suppression of negative emotion. Biological Psychiatry, 63, 577–586.
Gross, J. J. (1998). The emerging field of emotion regulation: An integrative review. Review of General Psychology, 2, 271–299.
Gross, J. J. (2015). Emotion regulation: Current status and future prospects. Psychological Inquiry, 26, 1–26.
Gross, J. J., & John, O. P. (2003). Individual differences in two emotion
regulation processes: Implications for affect, relationships, and
well-being. Journal of Personality and Social Psychology, 85(2),
348–362. https://doi.org/10.1037/0022-3514.85.2.348
Grupe, D. W., & Nitschke, J. B. (2013). Uncertainty and anticipation in
anxiety: An integrated neurobiological and psychological perspective. Nature Reviews Neuroscience, 14, 488–501.
Haines, S. J., Gleeson, J., Kuppens, P., et al. (2016). The wisdom to
know the difference: Strategy-situation fit in emotion regulation
in daily life is associated with well-being. Psychological Science.,
27(12), 1651–1659. https://doi.org/10.1177/0956797616669086
Harp, N., Brown, C., & Neta, M. (2020). Spring break or heart
break? Extending valence bias to emotional words. https://doi.
org/10.31234/osf.io/mrg3t.
Hartley, C. A., & Phelps, E. A. (2012). Anxiety and decision-making.
Biological Psychiatry, 72(2), 113–118.
Hehman, E., Stolier, R. M., & Freeman, J. B. (2015). Advanced
mouse-tracking analytic techniques for enhancing psychological science. Group Processes & Intergroup Relations., 18(3),
384–401. https://doi.org/10.1177/1368430214538325
Hermans, E. J., Henckens, M. J., Joëls, M., & Fernández, G. (2014).
Dynamic adaptation of large-scale brain networks in response to
acute stressors. Trends in Neurosciences, 37, 304–314.
Horton, J. J., Rand, D. G., & Zeckhauser, R. J. (2011). The online
laboratory: Conducting 599 experiments in a real labor market.
Experimental Economics., 14, 399–425.
Ito, T., et al. (2017). Neural basis of negativity bias in the perception of
ambiguous facial expression. Sciences Report, 7, 420.
Jamieson, J. P., Crum, A. J., Goyer, J. P., Marotta, M. E., & Akinola, M.
(2018). Optimizing stress responses with reappraisal and mindset
interventions: An integrated model. Anxiety, Stress & Coping,
31(3), 245–261. https://doi.org/10.1080/10615806.2018.1442615
Jamieson, J. P., Nock, M. K., & Mendes, W. B. (2012). Mind over matter: Reappraising arousal improves cardiovascular and cognitive
responses to stress. Journal of Experimental Psychology: General,
141(3), 417–422. https://doi.org/10.1037/a0025719

13

Johnson, J., O’Connor, D. B., Jones, C., Jackson, C., Hughes, G. J., &
Ferguson, E. (2016). Reappraisal buffers the association between
stress and negative mood measured over 14 days: Implications
for understanding psychological resilience. European Journal
of Personality, 30(6), 608–617. https://doi.org/10.1002/per.2080
Kennedy, R., Clifford, S., Burleigh, T., Waggoner, P. D., Jewell,
R., & Winter, J. G. (2020). The shape of and solutions to the
MTurk quality crisis. Political Science Research and Methods,
8, 614–629.
Kim, S. H., & Hamann, S. (2012). The effect of cognitive reappraisal
on physiological reactivity and emotional memory. International
Journal of Psychophysiology, 83, 348–356.
Kring, A. M., & Werner, K. H. (2004). Emotion Regulation and Psychopathology. In P. Philippot & R. S. Feldman (Eds.), The regulation of emotion (p. 359–385). Lawrence Erlbaum Associates
Publishers.
Krkovic, K., Clamor, A., & Lincoln, T. M. (2018). Emotion regulation
as a predictor of the endocrine, autonomic, affective, and symptomatic stress response and recovery. Psychoneuroendocrinology,
94, 112–120.
Kuppens, P., Oravecz, Z., & Tuerlinckx, F. (2010 Dec). Feelings
change: Accounting for individual differences in the temporal
dynamics of affect. Journal of Personality and Social Psychology,
99(6), 1042–1060. https://doi.org/10.1037/a0020962.
Lang, P., Bradley, M. M., & Cuthbert, B. N. (2008). International
affective picture system (IAPS): Affective ratings of pictures and
instruction manual [Technical Report A–8]. University of Florida.
LeDoux, K., & Daw, N. (2018). Surviving threats: Neural circuit and
computational implications of a new taxonomy of defensive
behavior. Nature Reviews Neuroscience, 19, 269–282.
Lerner, J. S., & Keltner, D. (2000). Beyond valence: Toward a model of
emotion-specific influences on judgement and choice. Cognition
and Emotion, 14(4), 473–493.
Lieberman, M. D., Inagaki, T. K., Tabibnia, G., & Crockett, M. J.
(2011). Subjective responses to emotional stimuli during labeling,
reappraisal, and distraction. Emotion, 11(3), 468–480. https://doi.
org/10.1037/a0023503
Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska
Directed Emotional Faces—KDEF (CD ROM). Stockholm:
Karolinska Institute, Department of Clinical Neuroscience,
Psychology Section.
Neta, M., Cantelon, J., Haga, Z., Mahoney, C. R., Taylor, H. A., &
Davis, F. C. (2017). The impact of uncertain threat on affective
bias: Individual differences in response to ambiguity. Emotion,
17(8), 1137–1143. https://doi.org/10.1037/emo0000349
Neta, M., Cantelon, J., Mahoney, C. R., Taylor, H. A., & Davis,
F. C. (2017). The impact of uncertain threat on affective bias:
Individual differences in response to ambiguity. Emotion, 17(8),
1137–1143. https://doi.org/10.1037/emo0000349
Neta, M., Davis, F. C., & Whalen, P. J. (2011). Valence resolution
of facial expressions using an emotional oddball task. Emotion,
11(6), 1425–1433.
Neta, M., Kelley, W. M., & Whalen, P. J. (2013). Neural responses to
ambiguity involve domain-general and specific emotion processing systems. Journal of Cognitive Neuroscience, 25(4), 547–557.
Neta, M., Norris, C. J., & Whalen, P. J. (2009). Corrugator muscle
responses are associated with individual differences in positivitynegativity bias. Emotion, 9(5), 640–648. https://doi.org/10.1037/
a0016819
Neta, M., & Tong, T. T. (2016). Don’t like what you see? Give it time:
Longer reaction times associated with increased positive affect.
Emotion, 16(5), 730–739. https://doi.org/10.1037/emo0000181
Neta, M., & Whalen, P. J. (2010). The primacy of negative interpretations when resolving the valence of ambiguous facial expressions.
Psychological Science., 21(7), 901–907. https://doi.org/10.1177/
0956797610373934

Affective Science
Nezlek, J. B., & Kuppens, P. (2008). Regulating positive and negative
emotions in daily life. Journal of Personality, 76(3), 561–580.
https://doi.org/10.1111/j.1467-6494.2008.00496.x
Ochsner, K. N., & Gross, J. J. (2008). Cognitive emotion regulation:
Insights from social cognitive and affective neuroscience. Current
Directions in Psychological Science, 17(2), 153–158. https://doi.
org/10.1111/j.1467-8721.2008.00566.x
Ochsner, K. N., Silvers, J. A., & Buhle, J. T. (2012). Functional imaging studies of emotion regulation: A synthetic review and evolving
model of the cognitive control of emotion. Annals of the New York
Academy of Sciences, 1251, E1-24.
Park, G., Vasey, M. W., Kim, G., Hu, D. D., & Thayer, J. F. (2016).
Trait anxiety is associated with negative interpretations when
resolving valence ambiguity of surprised faces. Frontiers in Psychology, 7, 1164.
Pavani, J.-B., Le Vigouroux, S., Kop, J.-L., Congard, A., & Dauvier, B.
(2016). Affect and affect regulation strategies reciprocally influence each other in daily life: The case of positive reappraisal,
problem-focused coping, appreciation and rumination. Journal
of Happiness Studies, 17, 2077–2095.
Petro, N. M., Tong, T. T., Henley, D. J., & Neta, M. (2018). Individual
differences in valence bias: FMRI evidence of the initial negativity
hypothesis. Social Cognitive and Affective Neuroscience, 13(7),
687–698. https://doi.org/10.1093/scan/nsy049
Picó-Pérez, M., Radua, J., Steward, T., Menchón, J. M., & SorianoMas, C. (2017). Emotion regulation in mood and anxiety disorders: A meta-analysis of fMRI cognitive reappraisal studies.
Progress in Neuropsychopharmacology & Biological Psychiatry,
79(3), 96–104. https://doi.org/10.1016/j.pnpbp.2017.06.001
Preece, D. A., Becerra, R., Hasking, P., McEvoy, P. M., Boyes, M.,
Sauer-Zavala, S., Chen, W., & Gross, J. J. (2021). The Emotion
Regulation Questionnaire: Psychometric properties and relations
with affective symptoms in an United States general community
sample. Journal of Affective Disorders, 284, 27–30.
Raio, C. M., Orederu, T. A., Palazzolo, L., Shurick, A. A., & Phelps,
E. A. (2013). Cognitive emotion regulation fails the stress test.
Proceedings of the National Academy of Sciences, 110(37),
15139–15144. https://doi.org/10.1073/pnas.1305706110
Rauch, S. L., Whalen, P. J., Shin, L. M., McInerney, S. C., Macklin,
M. L., Lasko, N. B., Orr, S. P., & Pitman, R. K. (2000). Exaggerated amygdala response to masked facial stimuli in posttraumatic
stress disorder: A functional MRI study. Biological Psychiatry,
47(9), 769–776. https://doi.org/10.1016/S0006-3223(00)00828-3
Ray, R. D., McRae, K., Ochsner, K. N., & Gross, J. J. (2010). Cognitive
reappraisal of negative affect: converging evidence from EMG and
self-report. Emotion (Washington, D.C.), 10(4), 587–592. https://
doi.org/10.1037/a0019015.
R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.
Richards, A., et al. (2002). Anxiety-related bias in the classification of
emotionally ambiguous facial expressions. Emotion, 2, 273–287.
Richardson, C. M. E. (2017). Emotion regulation in the context of daily
stress: Impact on daily affect. Personality and Individual Differences, 112, 150–156.

Shurick, A. A., et al. (2012). Durable effects of cognitive restructuring
on conditioned fear. Emotion, 12(6), 1393–1397.
Szasz, P. L., Szentagotai, A., & Hofmann, S. G. (2011). The effect of
emotion regulation strategies on anger. Behaviour Research and
Therapy, 49(2), 114–119. https://doi.org/10.1016/j.brat.2010.11.
011
Tanovic, E., Gee, D. G., & Joormann, J. (2018). Intolerance of uncertainty: Neural and psychophysiological correlates of the perception of uncertainty as threatening. Clinical Psychology Review,
60, 87–99. https://doi.org/10.1016/j.cpr.2018.01.001
Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M.,
Hare, T. A., Marcus, D. J., Westerlund, A., Casey, B., & Nelson,
C. (2009). The NimStim set of facial expressions: Judgments from
untrained research participants. Psychiatry Research, 168(3),
242–249. https://doi.org/10.1016/j.psychres.2008.05.006
Troy, A. S., Shallcross, A. J., Brunner, A., Friedman, R., & Jones, M.
C. (2018). Cognitive reappraisal and acceptance: Effects on emotion, physiology, and perceived cognitive costs. Emotion, 18(1),
58.
Troy, A. S., Shallcross, A. J., & Mauss, I. B. (2018). A person-bysituation approach to emotion regulation: Cognitive reappraisal
can either help or hurt, depending on the context. Psychological
Science, 24(12), 2505–2514. https://d oi.org/10.1177/0 95679 7613
496434
Velasco, M., Gómez, J., Blanco, M., & Rodriguez, I. (1997). The cold
pressor test: Pharmacological and therapeutic aspects. American
Journal of Therapeutics, 4(1), 34–38. https://doi.org/10.1097/
00045391-199701000-00008
Waugh, C. E., Thompson, R. J., & Gotlib, I. H. (2011). Flexible emotional responsiveness in trait resilience. Emotion, 11(5), 1059–
1067. https://doi.org/10.1037/a0021786
Webb, T. L., Miles, E., & Sheeran, P. (2012). Dealing with feeling: A
metaanalysis of the effectiveness of strategies derived from the
process model of emotion regulation. Psychological Bulletin, 138,
775–808. https://doi.org/10.1037/a0027600
West, T. V., Koslov, K., Page-Gould, E., Major, B., & Mendes, W. B.
(2017). Contagious anxiety: Anxious European Americans can
transmit their physiological reactivity to African Americans. Psychological Science, 28(12), 1796–1806.
Wolgast, M., Lundh, G., & Viborg, L. (2011). Cognitive reappraisal
and acceptance: An experimental comparison of two emotion regulation strategies. Behaviour Research and Therapy, 49, 856–858.
https://doi.org/10.1016/j.brat.2011.09.011
Yang, X., Garcia, K. M., Jung, Y., Whitlow, C. T., McRae, K., &
Waugh, C. E. (2018). VmPFC activation during a stressor predicts positive emotions during stress recovery. Social Cognitive
and Affective Neuroscience, 13(3), 256–268.
Wiltink, J., Glaesmer, H., Canterino, M., Wölfling, K., Knebel, A.,
Kessler, H., Brähler, E., & Beutel, M. E. (2011). Regulation of
emotions in the community: suppression and reappraisal strategies and its psychometric properties. Psycho-social medicine, 8,
Doc09. https://doi.org/10.3205/psm000078

13

Supplemental Table S1. Linear mixed effects analysis of Study 1 (ERQ-CR).
Percent Negative Ratings (Surprise Faces)
Partially Standardized
Estimates

CI

p

(Intercept)

0.05

-0.37 – 0.46

.818

ERQ CR

0.22

-0.22 – 0.65

.330

Time

0.01

-0.28 – 0.30

.952

Group

-0.11

-0.68 – 0.46

.702

ERQ CR x Time

-0.41

-0.71 – 0.10

.008

ERQ CR x Group

0.28

-0.30 – 0.85

.344

Time x Group

0.02

-0.37 – 0.42

.911

ERQ CR x Time x Group

0.46

0.06 – 0.86

.024

Predictors

Random Effects
σ2

0.22

τ00 Subject

0.68

ICC

0.76

N Subject

43

Observations
2

86
2

Marginal R / Conditional R

0.165 / 0.798

Supplemental Table S2. Linear mixed effects analysis of Study 1 (ERQ-ES)

Percent Negative Ratings (Surprise Faces)
Partially Standardized
Estimates

CI

p

(Intercept)

0.01

-0.42 – 0.44

0.974

ERQ ES

0.25

-0.13 – 0.63

0.198

Time

0.03

-0.27 – 0.33

0.861

Group

-0.01

-0.65 – 0.64

0.986

ERQ ES * Time

-0.02

-0.28 – 0.25

0.900

ERQ ES * Group

-0.10

-0.82 – 0.61

0.780

Time * Group

-0.05

-0.50 – 0.41

0.841

ERQ ES * Time * Group

0.11

-0.39 – 0.61

0.674

Predictors

Random Effects
σ2

0.26

τ00 Subject

0.78

ICC

0.75

N Subject

43

Observations

86

Marginal R2 / Conditional R2

0.046 / 0.765

Supplemental Table S3. Linear mixed effects analysis of Study 2.
Percent Negative Ratings (Surprise Faces)
Partially Standardized
Estimates

95% CI

p

(Intercept)

-0.19

-0.39 – 0.00

.055

ERQ CR

-0.05

-0.25 – 0.15

.622

Time

0.40

0.17 – 0.62

< .001

PSS

-0.08

-0.27 – 0.12

.454

ERQ CR x Time

0.08

-0.15 – 0.30

.508

ERQ CR x PSS

0.16

-0.04 – 0.37

.119

Time x PSS

0.17

-0.05 – 0.40

.137

ERQ CR x Time x PSS

-0.27

-0.51 - -0.04

.022

Predictors

Random Effects
σ2

0.61

τ00 Subject

0.34

ICC

0.36

N Subject

97

Observations
2

194
2

Marginal R / Conditional R

0.074 / 0.407

